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Abstract 
In order to achieve the fault diagnosis of the broken rotor bar of the squirrel-cage induction motor in real time, the 
paper designs the fault diagnosis system of the broken rotor based on LabVIEW. The effect of parameters adjusting 
on many variable step size LMS algorithms for adaptive notch filter was analysed systemically. In the end, this article 
takes the stator current signal of the squirrel-cage induction motor as the research object, the adaptive notch filter 
based on the many variable step size LMS algorithms was used in the fault diagnosis of the broken rotor bar of the 
squirrel cage induction motor. Experiments show that the system can effectively choice variable step size LMS 
algorithm for the signal of the broken rotor bar. It has faster convergence speed, lower state error, and to eliminate the 
interference from the power frequency component. It can better accomplish the fault diagnosis of the broken rotor bar 
of the squirrel-cage induction motor based on the FFT spectrum.
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1. Introduction
The squirrel-cage induction motor has become a modern industrial and agricultural production in the
major power equipment. If the motor is failure, it will lead to the stagnation of the entire production 
process, resulting in huge economic loss. Among so many faults in the motor, the most serious damage is 
the broken rotor bar fault. Because the rotor of the squirrel cage motor has no direct electrical connection, 
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the direct operation of the broken rotor bars fault detection is more difficult. The ideal frequency of the 
induction motor stator current is single, that is, the power frequency is 1f . However, a frequency 
component with 1(1 2 )s f−  will appear in the frequency spectrum graph of the stator current when the 
rotor takes place the broken rotor bar fault [1]. If the broken rotor bar fault can be detected in early time, 
the serious damage can be avoided. 
This article takes the slightly broken rotor bar fault of the motor as the object of study, and uses the 
LabVIEW as the software simulation platform. Through the unique MathScript of the LabVIEW, many 
kinds of variable step-size LMS algorithm of the adaptive notch filter can be implemented. We choose the 
best of step-size LMS algorithm, and do the adaptive notch processing to the stator current signal. The 
broken rotor bar fault can be identified by the above method. 
2. The work principle of the adaptive notch filter 
When the motor happens to the broken rotor bar, the stator current signal contains the fault feature 
frequency component 1(1 2 )s f−  and the power frequency component 1f . The frequency component 
1(1 2 )s f−  is very close to the power frequency components 1f , so it is difficult to detect the fault feature 
frequency component as it always hides behind the strong supply power frequency component in the 
spectrum. Using the adaptive notch filter, the power frequency component can be reduced and to and the 
fault feature frequency component can be picked up. Figure 1 shows the working principle of the adaptive 
notch filter. 
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According to the process of signal transmission in Figure 1, the revisions of weights are as follows: 
1, 1 1 12k k kw w x kμε+ = +                                                                                                    (1) 
2, 1 2 22k k kw w x kμε+ = +                                                                                                   (2) 
The output components are as follows: 
( )21 12 cos cosky C kμ ω φ φ= +                                                                                     (3)
        ( )22 12 sin sinky C kμ ω φ φ= +                                                                                      (4) 
Therefore, we can obtain the output response of the filter. 
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Where  is the discrete unit step function, C  is a coefficient, and ( )u k μ  is a parameter that controls 
the stability and the convergence rate. 
3. Comparison of different methods
Although the classical LMS algorithms has simple complexity and can be implemented easily, its 
convergence speed is very slow. Increasing the step size can speedup the convergence process, but at the 
same time, the steady state error will be large and even the algorithm may become unstable. Fixed step 
size can’t result in fast convergence speed and low residual error simultaneously. Aiming at the 
disadvantage of the fixed step size LMS adaptive notch filter algorithms, people put forward many kinds 
of variable step size LMS algorithms. Based on the achievements of its predecessor, we developed a 
variety of variable step size LMS adaptive notch filter algorithm simulation platform by using LabVIEW, 
and applied them to the fault diagnosis of the broken rotor bar. The variable step size LMS algorithms are 
shown in Table 1. 
Table1. Comparison of computational complexity
Variable step size LMS algorithms Variable Step-size Algorithm Computational complexity
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In the table, we can take the number of multiplication as M, the number of division operation as D, the 
number of exponentiation as E, the number of the addition as A, the number of subtraction as S, the 
number of absolute value as AV, and the number of hyperbolic tangent function as TANH. According to 
the formulas of the variable step-size adaptive notch algorithm, we can get the computational complexity. 
They are shown in Table 1.
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The calculated amount of the index operations and the absolute value function is more complex than 
that of the addition, the subtraction, the multiplication and the division. In order to obtain small 
computation amount, the faster convergence rate, and the lesser steady-state error, the index operations 
and the absolute value of the variable step-size adaptive notch filter algorithm should be reduced as far as 
possible.From the table 1, compared with other algorithms, VS-LMS-5 and VS-LMS-6 can obtain the 
simpler algorithm structure. 
Table2. The optimal parameter of VS-LMS
Variable Step-size Algorithm Optimal parameter value Convergence rate(N) Steady-state error(F) 
VS-LMS-1 3α = 1.7, β = 1=, m  N=50 F=0.02 
VS-LMS-2 300α = 0.2, β =
20α = 3m = 1=
150α = 0.8
N=60 F=0.02 
VS-LMS-3 , , n N=300 F=0.05 
VS-LMS-4 , β = 1000=
0.1α = 0.8
, h N=50 F=0.015 
VS-LMS-5 , β =
200α = 0.3
N=200 F=0.05 
VS-LMS-6 , β =
10α = 0.9
N=40 F=0.02 
VS-LMS-7 , β = 1=
100α = 0.4
, r N=60 F=0.05 
VS-LMS-8 , β =
200α = 0.8
N=40 F=0.02 
VS-LMS-9 , β =
200α = 0.1
N=50 F=0.02 
VS-LMS-10 , β = N=50 F=0.02 
Through the simulations on different variable step-size adaptive notch algorithm based on LabVIEW, 
we can get the optimal parameter value. In these conditions, we can easily get the convergence rate and 
the steady-state errors are shown in Table 2. From Table 1 and 2, we can get the best the variable step-
size adaptive notch algorithm. It is VS-LMS-6. 
4. Experimental results 
In the example analysis, the rated power of the squirrel-cage induction motor is 3kW, the number of 
pole pairs is , the synchronous speed is . The signal is  2p = 0 1500n r=
( ) cos(2 /
pm
1( ) ( ) ) cos(2 / )s ss k d k f A kf fπ π= + +g k kf=                 (6) 
Where the sampling frequency is Hz, the number of the sampling points is ,
, the measured speed is 1 , the slip ratio is , the power frequency is 
Hz, the frequency component of the broken rotor bar is .
500sf =
1450n =
2048N =
0.02A =
50f =
rpm 0.01s =
2 )f s= −1
The FFT analysis result of the signal after processed by the adaptive notch filter is shown in Figure 2. 
From Figure 2, we can see the frequency component of the broken rotor bar is 49Hz. The accuracy of this 
theory is verified by experimental results.  
(1 49Hzf =
5. Conclusions 
This paper takes slightly broken rotor bar fault of the motor as the object of study, and uses the 
LabVIEW to build the software simulation platform for many kinds of variable step-size LMS algorithm 
through the adaptive notch filter. It finishes the choice of optimizing variable step size algorithm for the 
broken rotor bar fault diagnosis. Experiments prove this method has less calculation, faster convergence, 
smaller steady-state error, and more suitable for broken rotor bar fault diagnosis. 
2554  Xin Wang and Zhike Zhao / Procedia Engineering 15 (2011) 2550 – 2554Author name / Procedia Engineering 00 (2011) 000–000 5
Fig. 2  FFT analysis of the signal after processed by the adaptive notch filter
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